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• Total land mass: 1,127,127 sq km
• 70% is arid, semi arid and sub-
humid
• Presence of various agro-ecologies
(18 major and 19 sub agro-ecological
zones) with diversified flora and
fauna
Introduction
Semien mountain (4,620m)
Ertale - the volcanic sea  in Dallol Dallol depression – 130 metres asl.
Semien Mountain
• Importance of livestock in Ethiopia
o 16.5% GDP and 35.6% agricultural GDP
• Presence of huge livestock population (,000)
• Cattle: 53,990
• Sheep: 26,500
• Goats: 25,000
(FAOSTAT 2013)
• Presence of limited information related to genetic diversity
and population structure of indigenous goat populations
Introd. Cont’d……
Importance of small ruminant:
It is the‘‘Poor man’s cow’’ (MacHugh et al., 2001)
Why sheep and goats?
• Most prolific (Yadav and Yadav, 2008).
• The high versatility, moderate size and hardy
• Have good adaptability, cover wide geographic distribution, and
very abundant breed resources (Li et al., 2006).
Why genetic diversity and population structure study is a priority?
Objective of the paper:
• To summarize findings from past studies on genetic diversity and
population structure of Ethiopian sheep and goat populations
Zeder and Hesse 2000; Zeder 2008; Pereira et al 2009
Center of domestication 
(based on archaeological, mtDNA and Y-chromosome evidences)
Luikart et al., 2006
Luikart et al (2001)
Naderi et al (2007)
The goat global divergence briefly: mtDNA analysis
Fig2. Global divergence routes of domestic goat
Note: Synthesized from Luikart et al. (2001); Sultana et al. (2003); Joshi et al. (2004);
Amills et al., (2004; 2008); Pereira et al. (2005; 2009); Caňón et al. (2006); Fernández et al.
(2006); Naderi et al (2007; 2008); Nomura et al. (2012).
Summary of the goat global divergence
Wild ancestors and origin of domestic sheep
Five mtDNA d-loop lineages (A, B, C, D and E) (Meadows et al 2007; Chessa et 
al 2009) 
Haplogroups A & B most common worldwide.
 All genetic evidence points to a common maternal ancestry for African sheep
across the continent
 However, the mtDNA haplogroups present in Ethiopian sheep remains unknown.
The major migratory events and routes of the major sheep lineages across Eurasia 
(lineage A, in blue; lineage B, in red; and lineage C, in yellow).
Feng-Hua Lv et al. Mol Biol Evol (2015);32:2515-2533
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• Characterization of breeds: one of the strategic priorities in the development of
national plans for the management of AnGR (FAO, 2007).
• Molecular characterization is a core activity in Strategic Priority Area-1 (FAO
2007).
Molecular tool developed
• FAO and ISAG recommended a panel of 30 microsatellite markers for each of
main livestock species (FAO, 2011).
• 50Kb SNP CHIP panel for genome-wide analysis (Tosser-Klopp et al., 2014)
• 50Kb, 685Kb SNP CHIP panels for genome-wide analysis
Molecular characterization small ruminants
• The assay of common loci across projects, in theory, offers the opportunity to
combine molecular datasets from multiple independent investigations for meta-
analysis.
– The wide acceptance and application of these markers only succeeded
partially (Baumung et al, 2004).
• Some studies did not consider the recommendations of the FAO/ISAG panel.
• In the few instances where common markers had been genotyped, there was no
consistency across laboratories and projects in:
– allele size-calling or common shared samples to standardize the genotypes
– Selection of markers was not based on the recommendation of genetic
diversity study
• Look the following table as examples
• Heterozygosity estimates having ≥0.5 are believed to be appropriate for genetic
diversity study (Davila et al., 2009; Dorji et al., 2012).
Estimation of heterozygosity: based on SSR marker analysis of
120 breeds/populations
Estimation of allelic distribution and locus variability
Distribution of indigenous  sheep and goats in Ethiopia
Fig. Distribution of sheep populations (Gizaw, 2007)
Sheep and goat characterization in Ethiopia 
Fig. Distribution of Goat populations (Farm Africa, 1996)
• The last two studies had only five markers and two populations that were analyzed
in common.
• Populations included in the study by Halima et al. (2012):
– Agew, WL, Bigemdir, Bati, Aberegelle, Central Abergelle
• The 11 populations analyzed by Tesfaye (2004) reported moderate levels of 
allelic and genetic diversity. 
– The MNA = 5.59 (Range: 5.13 - 6.47).
– HO and HE: 0.58 and 0.55, respectively.
Molecular characterization of Ethiopian small ruminants
investigated genetic diversity and
structure 15 SSR markers each
• Chenyambuga et al. (2004) two populations
• Tesfaye (2004) 11 populations
• Halima et al (2012) six populations
A) Indigenous Goats characterization
• Halima et al (2012) reported a higher level of:
– MNA: 4.80-7.80
– HE = 0.64(range: 0.56- 0.69)
– HO = 0.62 (range: 0.56-0.68) [could be because of few sample size]
• The overall FST values, 6.38% and 5%, obtained by Tesfaye (2004) and Halima
et al (2012b) indicated a relatively low level of genetic differentiation among
Ethiopian indigenous goat populations.
• No clear genetic differentiation among the 11 Ethiopian goats was revealed by
STRUCTURE analyses (Tesfaye, 2004).
• Past and recent gene flow facilitated by human movements and expansion and
exchange of goats for breeding and as trade items as well as possible common
historical genetic origins may explain these observations.
Population structure analysis: Tesfaye (2004)
Eight genetic clusters: Based on phylogenetic clusters 
(Tesfaye, 2004 )
1. Arsi-Bale
2. Gumuz
3. Keffa
4. Woyto-Guji 
5. Abergelle
6. Afar 
7. Highland (previously classified as Central 
and Northwest Highland)
8. Eastern and southeastern goats (previously 
classified as Hararghe Highland, short-eared 
Somali, Long-eared Somali)
• Mestawet et al (2013) investigated genetic
variation at the αs1-casein (CSN1S1) gene in 10
indigenous Ethiopian goat breeds,
– Arsi-Bale, Somali, Woito-Guji, Gumuz, Kaffa,
Afar, Abergele, Central-Highland, Nubian and
Begait.
• 37 previously unreported SNPs were detected.
– 3 in the 5′ flanking (UTR) region,
– 3 in the exon
– 31 in the intron
• The three new exonic SNPs (exon 4, 10 and
12) were detected in all the Ethiopian breeds.
Fig. The PC plot drawn using the
observed variants
αs1-casein gene genetic polymorphism analysis
•The PCA revealed clear differentiation 
among goat populations on the target region
ABE WL RSK      WAD     SHL 
Genome wide survey (Solomon, 2014)
Genome-wide SNP analysis
(BecA-ILRI goat project)
Three major objectives addressed:
• Genome wide genetic diversity and population structure analysis
using high density SNP CHIP panel
• Complete d-loop region of mtDNA analysis of origin and genetic
diversity study of 13 goat populations
• Association study of KISS1 gene Vs fecundity trait analysis
Table 2. SNP polymorphism and within population genetic diversity
Popn N HO HE FIS MAF(µ) Mon. loci (%) Pol. loci (%) HWE(P≤0.05)
Agew 28 0.373 0.380 0.018 0.287 1885(3.8) 47911(96.2) 1366(2.9)
Arsi Bale 29 0.367 0.381 0.034 0.288 1717(3.5) 48079(96.6) 1557(3.2)
Abergelle 30 0.373 0.380 0.011 0.286 1834(3.7) 47961(96.3) 0169(0.4)
Afar 33 0.378 0.388 0.022 0.295 1059(2.1) 48737(97.9) 1564(3.2)
WoG 25 0.373 0.381 0.008 0.287 1787(3.6) 48008(96.4) 0653(1.4)
Nubian 34 0.359 0.390 0.073 0.298 0878(1.8) 48917(98.2) 3327(6.8)
Barka 8 0.408 0.407 -0.013 0.296 3339(6.7) 46456(93.3) 0461(1.0)
Ambo 30 0.371 0.381 0.011 0.286 1688(3.4) 48107(96.6) 2445(5.1)
Gondar 27 0.378 0.381 0.000 0.288 1812(3.6) 47984(96.4) 1446(3.0)
LES 27 0.378 0.381 0.002 0.287 1774(3.6) 48022(96.4) 1670(3.5)
HGH 29 0.381 0.388 0.016 0.295 1183(2.4) 48613(97.6) 1437(3.0)
Kaffa 30 0.351 0.373 0.045 0.281 2357(4.8) 47438(95.6) 2846(6.0)
Gumuz 27 0.371 0.378 0.013 0.288 2022(4.1) 47774(95.9) 1582(3.3)
SES 20 0.379 0.389 0.017 0.293 1514(3.0) 48282(97.0) 1356(2.8)
Hybrid* 30 0.384 0.382 -0.020 0.293 0788(1.6) 49008(98.4) 2434(5.0)
Cashmere 30 0.373 0.366 -0.017 0.276 2350(4.2) 47446(95.3) 0204(0.4)
Mean±SD 0.375±0.1 0.383±0.00 0.014±0.02
0.289±0.
02
1749.19±627.37
(3.5±10)
48000±627.52
(96.5±10)
1532.31±903.14
(0.032±0.02)
Eur. Ibex 30 0.329 0.315 - 49,111(98.6) 684 (1.4) 92(13.5)
i) SNP polymorphism and genetic diversity: genome-wide analysis
Figure: Comparison of SNPs dynamics in chromosomes among different livestock species
b) Water buffalo (Michelizzi et al., 2011) 
d) Taurus cattle (Dadi et al 2012)
a) Ethiopian goat 
c) Ethiopian goat
Population AGW ARB ABE AFR WGJ NBN BAR AMB GON LES HGH KFF GMZ SES HBD CSH 
Agew(AGW) 0.00
Arsi Bale 
(ARB) 23.17 0.00
Abergelle 
(ABE) 25.11 23.12 0.00
Afar (AFR) 14.52 19.21 16.48 0.00
Woito Guji 
(WGJ) 17.12 24.37 16.32 19.27 0.00
Nubian 
(NBN) 13.77 15.34 14.25 19.62 16.1 0.00
Barka (BAR) 18.61 21.12 24.27 24.85 18.2 27.73 0.00
Ambo 
(AMB) 41.17 33.72 32.69 17.88 21.1 15.09 22.37 0.00
Gondar 
(GON) 37.29 27.13 64.00 17.04 18.2 15.13 25.53 49.77 0.00
LES 14.18 19.29 14.66 25.51 30.5 15.84 17.46 16.63 15.41 0.00
HGH 25.62 42.55 28.62 65.04 37.4 23.60 36.63 38.48 32.87 41.32 0.00
Kaffa (KFF) 13.15 13.68 11.04 9.69 15.6 9.65 10.53 14.73 12.43 10.51 14.07 0.00
GMZ 26.59 15.19 15.17 11.33 13.5 12.23 13.85 20.37 19.08 14.59 16.70 11.48 0.00
SES 19.07 28.80 20.51 57.13 44.2 22.29 28.87 24.27 22.02 72.77 168.69 12.56 15.00 0.00
HBD 2.68 2.78 2.72 3.32 2.72 3.38 3.21 2.75 2.75 2.80 3.16 2.41 2.57 3.06 0.00
CSH 2.27 2.34 2.31 2.79 2.31 2.83 2.61 2.34 2.33 2.38 2.65 2.07 2.18 2.56 4.76 0.00
Table. Rate of migration/gene flow
1) Level of gene flow among goat populations
ii) Population structure analysis: genome-wide analysis
Group set
Variance components (%) Fixation indices
Among 
groups
Among 
populations 
within 
groups
Among
indiv. 
within 
population
Within 
individu
als
FIS FSC FCT FIT
Ethiopia and China goat 
populations 11.92 2.83 1.45 83.80 0.02 0.03 0.12 0.16
Prodn system 0.64 2.31 2.22 94.82 0.02 0.02 0.01 0.05
Agro-ecology 0.56 2.22 2.23 94.99 0.02 0.02 0.01 0.05
Goat family 1.02 2.15 2.20 94.63 0.02 0.02 0.01 0.05
Note: P-value is **** in all the fixation indices
i) Based on whole genome
2) Analysis of Molecular Variance (AMOVA)
Grouping Source of variation d.f. Sum of 
squares
Variance 
components
Percentage 
of variation
Population
based
grouping
Among populations 12 159.994 0.22045 Va 2.63
Within populations 294 2400.906 8.16637 Vb 97.37
Total 306 2560.906 8.38682
Fixation index (Fst) = 0.02629
Based on
haplogroups
Among haplogroups 1 409.069 4.88127Va 40.89
Within haplogroups 305 7.05520Vb 59.11
Total 306 2560.906 11.93648
Fixation index (Fst) = 0.40894
ii) Based on d-loop region of mtDNA
3) Population differentiation
Population AGW ARB ABE AFA WOG NBN BAR ABO GON LES HGE KAF GMZ SES Hybrid CASH 
AGW 0.022 0.020 0.034 0.029 0.036 0.027 0.012 0.013 0.036 0.020 0.037 0.019 0.026 0.171 0.198 
ARB 0.022 0.022 0.026 0.021 0.033 0.025 0.015 0.019 0.026 0.012 0.036 0.033 0.018 0.166 0.193 
ABE 0.020 0.022 0.030 0.030 0.035 0.021 0.015 0.008 0.034 0.017 0.044 0.033 0.024 0.169 0.196 
AFA 0.033 0.026 0.030 0.026 0.026 0.020 0.028 0.029 0.020 0.008 0.051 0.043 0.009 0.141 0.165 
WOG 0.028 0.020 0.030 0.025 0.031 0.028 0.023 0.027 0.016 0.013 0.032 0.036 0.011 0.168 0.195 
NBN 0.035 0.032 0.034 0.025 0.030 0.018 0.033 0.033 0.031 0.021 0.051 0.040 0.022 0.138 0.162 
BAR 0.027 0.024 0.021 0.020 0.027 0.018 0.022 0.020 0.028 0.014 0.047 0.036 0.018 0.145 0.175 
ABO 0.012 0.015 0.015 0.027 0.023 0.032 0.022 0.010 0.030 0.013 0.033 0.024 0.020 0.167 0.193 
GON 0.013 0.019 0.008 0.028 0.027 0.032 0.020 0.010 0.032 0.015 0.039 0.026 0.023 0.167 0.194 
LES 0.035 0.026 0.033 0.019 0.016 0.031 0.028 0.029 0.031 0.012 0.047 0.044 0.007 0.164 0.190 
HGE 0.019 0.012 0.017 0.008 0.013 0.021 0.014 0.013 0.015 0.012 0.035 0.030 0.003 0.147 0.172 
KAF 0.036 0.035 0.043 0.049 0.031 0.049 0.045 0.033 0.039 0.046 0.034 0.043 0.039 0.188 0.216 
GMZ 0.019 0.032 0.032 0.042 0.036 0.039 0.035 0.024 0.026 0.043 0.029 0.042 0 0.033 0.178 0.206 
SES 0.026 0.018 0.024 0.009 0.011 0.022 0.018 0.020 0.022 0.007 0.003 0.038 0.032 0.152 0.178 
Hybrid 0.157 0.153 0.155 0.131 0.155 0.129 0.135 0.154 0.154 0.151 0.137 0.172 0.163 0.141 0.104
CASH 0.180 0.175 0.178 0.152 0.177 0.150 0.161 0.176 0.176 0.173 0.158 0.194 0.186 0.163 0.098 
Table 4. Populations differentiation: pair-wise (FST) (below diagonal) and Reynolds’ 
(above diagonal) genetic distances
Suggested genetic distance estimates (Weir, 1996; Kalinowski, 2002b):
 Highest: FST ≥ 0.25, Moderate: 0.05 ≤ FST< 0.25) Lowest estimate: FST< 0. 05.
FST= 0.15 is considered to be an indication of significant differentiation among populations (Frankham et al.,
2002).
FST about 0.25 total genetic variance could be explained by among-breed genetic variance (Davila et al., 2009).
Figure 1. Principal components: a) PCA1 and PCA2; b) PCA1 and PCA3
4) Principal component analysis
a b
Chinese goats Ethiopian goats
K=2
5) ADMIXTURE analysis
6) Phylogenetic network and phylogenetic tree reconstruction
Fig. Network graph and haplogroups’ distribution: based on d-loop of mtDNA 
Fig. Mismatch distributions/population expansion for mtDNA haplogroups of
Ethiopian native goats: for the overall dataset and the respective haplogroups
Tajima D and Fu’s Fs: Both were -eve and P<0.01
Tygrian: Least differentiated from all
ethinic groups and P>0.05 with Agew,
Amhara, Oromo, Alaba,Gurage and
Kembata.
Wolayta: Least differentiated from all
ethinic groups and P>0.05 with Tigray,
Oromo, Gamo, Hadiya,…
Source: Christopher, 2011 ; Pagani et al., 2012
i)  Human population diversity in Ethiopia: based on genome-wide survey, mtDNA and Y-chrom.
Sisay (1996)
Dadi et al. (2008)
ii) Cattle population diversity in Ethiopia: based blood protein polymorphism and SSR  markers
iii) Social anthropology evidences: Gubena (1964); Habtamu (2014)
Other supporting evidence:
The KISS1 gene analysis (Gondar and Woito Guji goat populations)
Factor N LSM ± SE
Over all 176 1.377 ± 0.130
Parity **
1 37 1.230 ± 0.136c
2 35 1.301 ± 0.142c
3 33 1.463 ± 0.137a
4 35 1.472 ± 0.131a
5 36 1.401 ± 0.135b
Breed ***
Woito Guji 115 1.062 ± 0.125b
Gondar 61 1.725 ± 0.122a
Site 3416 *
GG 168 1.290 ± 0.089b
GC 8 1.497 ± 0.182a
Site 3811 *
CC 150 1.530 ± 0.119a
CT 22 1.376 ± 0.159b
TT 4 1.275 ± 0.801c
Site 3963 *
TT 5 1.259 ± 0.223c
TC 38 1.564 ± 0.134a
CC 133 1.357 ± 0.129b
Table. LSM ± SE estimation of fecundity trait: Exon1 of KISS1 gene
Highest performer
On-going genetic characterization efforts
African Goat Improvement Network (AGIN) Project:
- Supported by USAID under the Feed the Future Initiative
- Being undertaken by USDA/ARS in collaboration with 9 African countries from 
where more than 20 populations have been sampled
- Includes only two populations from Ethiopia
- Genome-wide SNP analysis
- Results not yet available
- Objectives
- Development of the goat genome sequence as a research tool
- Characterization of breed structure and genomic regions under natural and 
artificial selection
- Development of local and regional breeding programs to improve locally 
adapted goats.
• Gizaw et al (2007) investigated the genetic diversity and structure among and 
within the 14 sheep population using 17 SSR markers.
• The microsatellite analysis indicate moderate levels of allelic diversity.
• The global FST value (0.046 ± 0.004) indicated low but significant genetic 
differentiation among populations.
B) Characterization Indigenous sheep
The five genetic clusters 14 sheep populations: based on Nei’s DA distance (Gizaw et al, 2007) 
I
II
III
IV
V
• The authors observed significant
relationships between FST and ecology
(P≤ 0.0002), community (P≤ 0.0001)
and geographical distances (P≤ 0.0001).
Proposed groups and breeds:
• Six groups and nine populations based on 
combination of FST values, Bayesian 
clustering (STRUCTURE) analysis and 
morphological divergence, (Gizaw et al 
2007). 
Note:
• In the study of Gizaw et al (2007), a clear North to South gradient in HE can be
observed amongst Ethiopian sheep.
• HE estimations of Northern sheep populations were higher than the Southern.
– Northern sheep populations: Gumuz, Semien, Afar, Farta, Washera, Tikur,
Sekota and Menz
– Southern sheep populations: Horro, Bonga, Arsi, Adilo, Blackhead Somali.
• Populations close to the centre of domestication/origin normally show higher
diversity than those far off, this gradient may be compatible with the suggestion
that sheep were introduced to East Africa from the North via the Nile Delta.
• Investigated genetic diversity and admixture of Ethiopian fat-tailed and Awassi
sheep using SNP markers
• The aim was to evaluate the most optimal admixture proportion of Awassi blood
for crossbreeding purposes in the highlands of Ethiopia – Menz and Wollo
• Used the 50K Ovine SNP Chip
• Genetic diversity was high among the four study populations (HE > 0.30) and
differentiation was low among the two local populations
Tesfaye (2015)
• PCA – Clustered populations according to their geographic location and breed 
development
Tesfaye (2015) cont’d
• The two local Ethiopian breeds are separated from the Awassi breeds but 
cluster close together showing close genetic relationship.
• They are also much close to the local Awassi than to the improved strain
• Admixture analysis – Revealed the best K-value to be at 3 groups
• The two local Ethiopian breeds are defined by similar genetic background that 
differs from the Improved Awassi
• The local Awassi shows different proportions of admixture of three genetic 
backgrounds which are observed in the local breeds and the improved Awassi
Tesfaye (2015) cont’d
Hellen Negussie study (2015):
• PhD Study done in collaboration with BecA-ILRI Hub and Haramaya University
• Most likely completed but we couldn’t lay our hands on her thesis
 The study:
 Analyzed sheep populations from eastern Ethiopia and the breeds of 
interest were:
• Blackhead Somali (4 subpopulations)
• Afar (3 subpopulations)
• Hararghe (3 subpopulations)
 These were genotyped (300 samples) with 22 ISAG/FAO recommended 
microsatellite markers
• To investigate genetic structure within and between populations and 
possible admixture
 mtDNA D-loop was also sequenced for 37 individuals 
 To trace the maternal origin of eastern Ethiopia sheep populations  
General conclusions
• The genetic structure and diversity of indigenous goat and sheep populations in
Ethiopia are highly influenced by among population admixture, as a consequence
low variation among populations is ≤ 1%.
• The Ethiopian goat populations have only six genetic backgrounds; but hard to
cluster since each population shares significant proportion from each genetic
background/element.
• Kaffa goat population is separated from other indigenous goat populations which
supports the hypothesis of Epstein (1971) that the south west Ethiopia goat
populations are influenced by West African dwarf goat (trypanotolerant goat).
• In the Neighbor-net graph, there are only few ancestral populations that separated
the Chinese from Ethiopian goat populations despite the long genetic distance.
 Instead, higher number of ancestral populations obtained among Ethiopian goat
populations which imply that the current indigenous goat populations are
formations of continuous introgressions/interbreeding.
• The existing higher variability within indigenous goat breeds would be useful for
future genetic improvement through selection; however, it would be worthwhile to
develop effective breeding methods that reduce the gene flow between breeds.
• The SNPs detected in KISS1 and CSN1S1 genes give clue for further work for
better understanding on the contribution of the genes on twining ability and milk
proteins synthesis, respectively. Moreover, they can be suggested for MAS
breeding program.
.
• Genotyping the Ethiopian Small ruminants (sheep in particular ) using SNP Chips
and mtDNA analysis provides the best alternative to integrate data from smaller
studies for a meta-analysis as compared to using microsatellites.
• Washera is recognized as a separate breed because of its joint assignment to the
different clusters.
Conclusion cont’d….
